INTRODUCTION
Methemalbuminemia has been described in association with massive intravascular hemolysis (1, 2, 3, 4) or with limited hemolysis in the presence of liver disease (1, 5) . Similarly, the injection of large amounts of hemoglobin may result in methemalbuminemia (1) , whereas smaller amounts do so only in the presence of a damaged liver (6) . Hematin injected intravenously rapidly combines with serum albumin to form methemalbumin (7) which is then converted to bilirubin and is largely recoverable as fecal urobilinogen (8) .
It has been noted that the concurrent administration of pamaquine and quinine also leads to methemalbuminemia, whereas neither drug alone produces this effect (9) . The reproducibility of the phenomenon suggested the use of these drugs as a means of investigating methemalbumin metabolism. Studies were directed toward the relationship of methemalbuminemia to the degree and duration of hemolysis and hemoglobinemia, to the disappearance rate of methemalbumin as affected by drug action, and to the possible role of liver function.
MATERIALS AND METHODS
White patients with central nervous system syphilis were used as subjects. Some received therapeutic ma-laria during the study but the period immediately following malaria was avoided because of the questionable status of certain functions of the liver (10, 11, 12) .
Serunm bilirubin and bromsulfalein retention tests were normal, unless specifically mentioned.
Pamaquine naphthoate and quinine sulfate were administered orally, the dosage in each case being expressed in terms of the free base. Plasma pamaquine (13) and quinine concentrations (14) were estimated at intervals to ascertain reliability of drug intake. Pamaquine dosage regimens were either 15 mg. every four hours or 10 mg. every eight hours. Quinine was given as the sulfate in 0.6 gram doses every eight hours.
Commercial hemin' was recrystallized (15) prior to being prepared for intravenous injection (8) The estimation of methemalbumin concentration has been described in full in the preceding paper (9) . Hemoglobin was estimated by the method of Evelyn (16 The excretion on patient Cra was complicated by the intravenous administration of 400 mg. of hematin, as indicated by the arrows on the lower part of the figure. The four-day period following each hematin injection includes a blocked off area which represents the urobilinogen excretion from 50 per cent of the injected hematin on the assumption that a minimum of 50 per cent is recoverable as fecal urobilinogen (8) .
control, pamaquine, and combined pamaquine-quinine periods (Figure 1 ). Pamaquine dosage was 90 mg. per day throughout in both patients. Only during combined drug administration was urobilinogen output significantly increased over the control period. A slightly increased output of doubtful significance occurred during pamaquine alone in one patient. Total coproporphyrin excretion, estimated in one of the patients, also showed an increased output only during combined pamaquine-quinine administration (Figure 1 ). The administration of 400 mg. of hematin had no effect on coproporphyrin output in this individual.
Methemalbuminemia not a result of hemolysis alone. One of the patients mentioned above developed methemalbuminemia on the third day of combined drug administration. It was estimated from the increment in fecal urobilinogen excretion that no more than 2.5 grams of hemoglobin was catabolized per day in excess of the patient's control rate. A comparable amount of hemoglobin was administered intravenously to five patients who were receiving no drug to determine whether an equivalent degree of hemolysis alone would produce methemalbumin. Two patients received, respectively, single doses of 7.0 and 9.0 grams of hemoglobin in one hour (Table I) and three received multiple small injections of 4.5 -6.5 grams per day in divided doses for periods of two to four days ( Figure 2 ). None developed methemalbuminemia. One of the latter patients subsequently was given a large single dose of 15.0 grams of hemoglobin. Methemalbumin was present in the serum of this patient at 24 hours, at which time no free hemoglobin was demonstrable (Table I) .
Methemalbuminemia following hemoglobin injection during pamaquine and/or quinine administration.' Two patients were given intravenously 4.5 -6.5 grams of hemoglobin a day in divided doses for three days during pamaquine and for three days during quinine administration Serum optical density at 405 and 415 mp wave-lengths (the absorption maxima of methemalbumin and hemoglobin respectively) 24 hours after a single intravenous dose of hemoglobin Hemolysis resulting from the handling of the blood or hemoglobinemia is judged qualitatively by the shape of the absorption curve from 540 m," to 600 mr/ wave-length. and combined pamaquine-quinine interfere in some way with the metabolism of injected hemoglobin and so promote methemalbumin formation. For this reason, the disappearance rate of hemoglobin from serum was estimated in two patients during control and combined drug regimen periods (Table II) . Combined pamaquine-quinine caused no demonstrable alteration in the disappearance rate of injected hemoglobin. The methods used for the estimation of serum hemoglobin concentration are subject to some error during combined drug at the four-hour and, more particularly, at the seven-hour periods due to the appearance of methemoglobin and methemalbumin. However, it was determinable that no marked acceleration or retardation of hemoglobin removal occurred. Methemalbumin disappearance rate as affected by drug administration. On the assumption that one of the drug regimens might interfere with methemalbumin degradation and thereby lead to its accumulation in the serum, methemalbumin disappearance rates were estimated in four patients. 400 mg. of hematin were injected intravenously prior to each determination in order to achieve a high initial level of methemalbumin. Three in- jections were given eight days apart to the first patient. The first was given during the control period, the second during pamaquine administration, and the third, during combined pamaquinequinine administration. The concentration of methemalbumin was estimated at intervals and the per cent diminution per hour calculated for specified periods (Table III) . The rate of disappearance under all conditions diminished during the first 24 hours, after which it remained essentially constant." Pamaquine and combined pamaquine-quinine appear to have lowered the disappearance rate. This effect is more apparent during the first 12 hours, but the order of magnitude is sufficiently low to be of uncertain significance. Comparison of the disappearance rates in all patients was made on the basis of the methemalbumin concentrations estimated at 24, 48, and 72 hours (Table IV) . The calculated average rates of methemalbumin removal during pamaquine and during combined drug administration were 6 To calculate the disappearance rates during combined pamaquine-quinine administration, the methemalbumin already present as a result of drug therapy was subtracted from the total value obtained. This correction is admittedly only an approximation. each about 11 per cent lower than during the control periods. Apparently quinine, when combined with pamaquine, did not augment the retardation due to pamaquine alone.
The data on serum bilirubin formation and disappearance following the intravenous administration of hemoglobin and hematin during pamaquine suggest some similarity to liver disease. The serum bilirubin concentration curves during pamaquine or combined pamaquine-quinine in these situations were more elevated than during the control period on the same individual (Figure 3) .
DISCUSSION
The methemalbuminemia which is observed during the concurrent administration of pamaquine and quinine appears to be the result of two phenomena, viz., an increase in the catabolism of hemoglobin and an interference in its subsequent degradation. The experimental data indicate that the first of these two phenomena results from the synergistic action of pamaquine and quinine, whereas the second may be due to the action of quinine alone. This viewpoint is justified by the following observations. Increased hemoglobin catabolism as evidenced by increased fecal urobilinogen excretion is apparent during combined drug administration but not when either drug is administered in the same dosage alone.7 When moderate hemolysis is simulated by small intravenous doses of hemoglobin, no measurable methemalbumin is formed. During quinine administration, such simulated hemolysis does lead to the definite formation of serum methemalbumin. Such methemalbumin formation is of the same order of magnitude as when similar injections of hemoglobin are given to patients on a combined drug regimen.
During the administration of pamaquine alone, simulated hemolysis may lead to trace formation of methemalbumin and, when added to quinine, pamaquine may slighly increase the methemalbuminemia resulting from the intravenous injections of hemoglobin. This effect of pamaquine is presumably due to a retardation of the removal of 7 It has been assumed that quinine alone in the doses given does not elevate fecal urobilinogen excretion. Unpublished data on one patient are consistent with this assumption. serum methemalbumin rather than an increase in its formation, as is the case with quinine. This assumption seems justified by the data which indicate that pamaquine retards methemalbumin disappearance by about 11 per cent per day, an effect not augmented by quinine.
Further observations on the action of quinine and pamaquine are less conclusive. Combined pamaquine-quinine does not significantly alter the disappearance rate of injected hemoglobin. This observation excludes retention of serum hemoglobin as the cause of methemalbuniin formation. It does not exclude the possibility that an increased percentage of the hemoglobin that breaks (B) Patient CRA received 400 mg. hematin intravenously during a control period (dotted line), during pamaquine administration (lower dashed line), and during combined pamaquine-quinine administration (upper dashed line).
(C) Patient REP received 400 mg. hematin during a control period (dotted line) and during pamaquine administration (dashed line).
Pamaquine dosage was 60 mg. base daily for 'the patients in (A), 90 mg. base daily for those in (B) and (C).
PAMAQUINE-QUININE: EFFECT ON HEMOGLOBIN METABOLISM
down is converted to hematin rather than some other pigment.
Patients receiving combined pamaquine-quinine for a week or more develop significant hyperbilirubinemia (9) . This is most likely a reflection of impaired liver function in the presence of added hemoglobin destruction since greater increases in fecal urobilinogen than those found, occur without significant hyperbilirubinemia (20) . In addition, pamaquine causes abnormal elevation of serum bilirubin concentration following the intravenous injection of large doses of hemoglobin or hematin. It is also probable that pamaquine may retard the removal of methemalbumin from serum indirectly by impairing some functional capacity of the liver. Similarly, one may speculate that liver disease causes some degree of methemalbumin retention. Normally, hemoglobin catabolism is an intracellular process and presumably little or no serum methemalbumin is formed (21) . Figure 4 is a diagrammatic representation of one metabolic scheme of intravascular hemoglobin breakdown, including methemalbumin in its probable relation to the other pigments under discussion. When, as in hemolytic diseases, hemoglobin is liberated into the bloodstream, it may be degraded to hematin as well as to the green pigments. Duesberg (21) considered small amounts of injected hemoglobin to be almost exclusively converted to bilirubin by the normal pathway, methemalbumin occurring only under abnormal conditions. Ross (3, 4) has concluded that methemalbuminemia following massive intravascular hemolysis is a reflection of the retention of serum hemoglobin due to saturation of the normal paths of hemoglobin removal.
Conversely, Fairley (1) has suggested that regardless of the degree of hemolysis some of the intravascular hemoglobin is converted to methemalbumin. He observed that the intravenous injection of large amounts of hemoglobin, 14 grams or more, produced measurable methemalbumin formation, an effect not produced by smaller amounts.
This has been confirmed in the ,present study (Table I) , the methemalbuminemia 24 hours after 15 grams of intravenous hemoglobin resulting without associated hemoglobin retention. The disappearance of methemalbumin appears to be slower than normal during pamaquine administration and is probably also slowed by liver disease (see previous discussion). In both conditions methemalbumin may be observed in the serum following the injection of hemoglobin otherwise too small in quantity to cause measurable methemalbumin formation (6). These observations lend support to the hypothesis that even small amounts of intravascular hemoglobin normally break down to form methemalbumin, which becomes apparent only if its removal from the serum is retarded. For these reasons methemalbuminemia is believed to be a reflection primarily of the quantity of free hemoglobin in serum rather than the retention thereof.
The fate of methemalbumin has been well established by Pass, Schwartz and Watson (8) who demonstrated that injected hematin is quantitatively converted to bilirubin. Consistent with this are the observations made in one patient on two occasions. Following the intravenous injection of hematin fecal urobilinogen excretion is increased and total coproporphyrin excretion is not appreciably changed.
SUMMARY AND CONCLUSIONS
The drugs pamaquine and quinine act synergistically to cause increased hemoglobin catabolism. An amount of hemoglobin equivalent to the excess catabolized by combined pamaquinequinine, injected intravenously, does not result in measurable methemalbumin formation in normal individuals.
During quinine and, to a much lesser extent, during pamaquine administration, the intravenous injection of hemoglobin does result in methemalbuminemia. Quinine acts independently in some way to increase the amount of intravascular hemoglobin degraded to hematin. Pamaquine acts independently to retard slightly conversion of methemalbumin to bilirubin, possibly indirectly, by impairing some functional capacity of the liver.
In this manner, pamaquine is believed to cause methemalbumin to accumulate to a measurable quantity during intravenous hemoglobin administration.
Methemalbumin is considered a normal intermediary in hemoglobin metabolism whenever free hemoglobin is present in the serum. Methemalbuminemia becomes apparent only when hemolysis or simulated hemolysis releases a large quantity of hemoglobin into the plasma (i.e., about 10-15 grams), or with lesser amounts when the conversion of methemalbumin to bilirubin is retarded, allowing the former to accumulate in the serum.
